Aim: As a procedure, major laparoscopic liver resection (LLR) remains in the exploration phase. Previous studies have assessed major LLR en bloc, including hepatectomies of varying complexities; however, the number of segments alone does not convey the complexity of a resection. This study aimed to assess operative outcomes of LLR procedures with more than one sectionectomy, and to identify the best procedure as a first step when learning to carry out major LLR in order to make LLR a safer, more widely used procedure.
| INTRODUCTION
Laparoscopic liver resection (LLR) surgeries are still being developed, meaning they are not as widely used as open liver surgeries, despite their clinical benefits. These benefits include less blood loss, less pain and analgesic requirement, shorter hospital stays, and improved cosmetic results. [1] [2] [3] [4] [5] [6] [7] International Consensus Conferences on LLR have been held to evaluate the status of laparoscopic liver surgery, and these conferences have provided recommendations to aid in the future development of this procedure. 8, 9 During the second conference, the major type of LLR that was discussed was an innovative procedure still in the exploration phase with incompletely defined risks; therefore, extending the clinical indications for this LLR should be considered carefully. 9 In several previous studies, various procedures were assessed and discussed, particularly the learning curve, en bloc as a major LLR. 3, [10] [11] [12] [13] [14] [15] The complexity of each major hepatectomy procedure differs widely, and the number of segments alone does not convey the complexity of a resection. To this end, Lee et al 16, 17 recently
reported that the complexity of open liver resections should not be classified based on whether the resection is "major or minor," but instead based on the extent of the liver resection.
There are no reports comparing the learning curve for each different type of major LLR procedure. Here, we aimed to investigate which of these major LLR procedures should be the first step for surgeons when starting to carry out major LLR.
| PATIENTS AND METHODS

| Data source and study population
The prospective database of patients treated with pure LLR with more than one sectionectomy at our institution was retrospectively reviewed. All patients provided informed consent for the procedure.
This study was approved by our institutional review board.
We have been carrying out LLR procedures at our institution The clinical records of the consecutive 120 patients who underwent a pure LLR with more than one sectionectomy were reviewed to extract the following information for analysis: patient characteristics, tumor characteristics, operative procedures, and operative outcomes. First, the operative outcomes were compared according to Lee's complexity classification system for hepatectomy. 16, 17 The classification divides open liver resection procedures into three complexity groups: low, medium, and high. In this system, a left lateral sectionectomy is classified as low complexity. Left hemihepatectomy, right hemihepatectomy, and posterior sectionectomy are considered medium complexity, whereas right anterior sectionectomy and central bisectionectomy are considered high complexity. Next, the outcomes of each LLR procedure classified as medium complexity were compared to evaluate the learning curve, and to explore which procedure was suitable as the first step in major LLR. This analysis was carried out after also excluding cases involving associated procedures (e.g. stoma closure, colectomy, or radiofrequency ablation) and/or multiple hepatectomies. In this study, an expert was defined as a surgeon who had experience in carrying out more than 60 LLR, either as a surgeon or as an assistant surgeon. 10, 11 In the present study, three experts and six non-experts carried out the LLR.
| Definitions
Extent of liver resection was classified according to the Brisbane 2000 terminology. 18 Postoperative morbidity and mortality were defined as any complication or death within 90 days, respectively. 
| Surgical technique
Our basic surgical LLR techniques were carried out as previously described. 21, 22 The Glissonian approach or individual hilar dissection for the hilar approach was chosen on a case-by-case basis. The liver parenchyma was transected along the demarcation line and the main hepatic vein. After April 2012, the intermittent Pringle maneuver was routinely used except for LLLS. Additionally, low central venous pressure, the reverse Trendelenburg position, low airway pressure, and low tidal volume contributed to less bleeding from the hepatic vein. 
| RESULTS
Patient and tumor characteristics are shown in Table 1 . Rate of malignant lesions was 88.3%, median tumor size was 35 mm (24-61 mm), and liver cirrhosis was observed in 15 patients (12.5%).
Operative methods and outcomes are summarized in Table 2 . T Lee et al 16, 17 presented the first quantitative assessment of the perceived difficulty of a variety of open liver resections, and the complexity scores that were generated allowed for these resections to be separated into three categories of complexity. According to
Lee's complexity model, LLR performed in our institution were well classified in terms of operative time, blood loss, and postoperative complications.
Laparoscopic left lateral sectionectomy has been acknowledged as the standard procedure. 22, [26] [27] [28] In this study, the first 14 cases showed a rapid learning curve, that later plateaued, regardless of whether the procedures were carried out by not only experts but also by nonexpert surgeons. These results suggested that the LLLS procedure was well standardized, and the results aligned with the current view that LLLS should be the standard procedure. Additionally, its learning curve was steeper than that of medium-complexity LLR.
T A B L E 3 Operative outcomes according to Lee's complexity classification
Low (n = 37) Medium (n = 45) High (n = 9) P-value The CCI ® was developed to overcome an underestimation of the true overall postoperative morbidity. 19, 20 In this study, the CCI ® was used to evaluate postoperative morbidity, and low values were obtained throughout our study period. These findings suggest that the learning curve did not influence morbidity. The reason for this could be that LLLS was adopted as the first LLR with more than one sectionectomy, which was a relatively easier procedure; therefore, there were no major complications. Additionally, it could be because major LLR was adopted only after adequate experience was acquired with minor LLR. The indications for hepatectomy were extended in a stepwise method to ensure patient safety.
In the present study, the surgeries of two patients in the left hemihepatectomy group were converted to laparoscopic-assisted procedures. The first patient had massive bleeding from the portal vein caused by the Pringle maneuver itself, and mini-laparotomy was required to suture and achieve hemostasis. The second patient had bile leakage following a left hepatic duct stapling failure caused by severe inflammation of the bile duct. These complications could have actually occurred in any type of hepatectomy. Overall, the rate of conversion to open laparotomy was very low, so it would not be a factor contributing to the learning curve in this study. The greatest advantage of LLR compared to open hepatectomy is that less bleeding from the hepatic vein occurs as a result of pneumoperitoneum. 5, 23, 24 However, the disadvantages involve movement restrictions and the disorientation that can be caused by the limited surgical view. 29 Regarding the operative techniques, there are two methods of hilar dissection, the Glissonian approach and individual dissection. In the present study, the operative outcomes of the two methods could not be compared because of differences in patient backgrounds.
Both methods are generally acceptable, and neither is superior in terms of safety and reproducibility. Therefore, the operative method is left to the surgeon's discretion and preference. 30 Spiegel's lobe resection is another concern. Spiegel's lobe resection requires dissection from the IVC, and division of the Glissonian vessels in Spiegel's lobe and the larger parenchymal transection area. Therefore, the risk of bleeding and bile leakage might increase and prolong the operative time.
This study had several limitations. First, this report includes only the experiences gathered from a single, specialized institution. Additionally, the number of cases in our study group was limited and, consequently, the learning curve for the LLR apart from four procedures could not be evaluated. Therefore, validations, multicenter comparison, learning curve analyses, or comparisons among surgeons with varied experiences are required using independent data sets.
Despite these limitations, we believe that a pure laparoscopic left hemihepatectomy without Spiegel's lobe resection is suitable as a first step for pure laparoscopic major hepatectomy and, given its safety and rapid learning curve for surgeons, could become the gold standard procedure.
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